Macrocystis pyrifera kelp beds play a significant ecological role along the coast of Chile. Besides their importance as food, protection structures, substrata, microhabitats and nurseries, regularly occurring natural disturbances (e.g. extremes of the climate variability El Niño-Southern Oscillation) and increased kelp exploitation affect these habitats. The present study aimed to test the dependence of reef fishes on Macrocystis pyrifera and to evaluate the effect of an enhanced habitat structure (experimental M. pyrifera bed) on the abundance, composition and spatial distribution on rock, on macroalgae, in the water column and on sand of the reef fish community. Boulders colonised by M. pyrifera were transported into three replicated experimental areas (9 m 2 each) located in a barren ground area. Three barren ground areas (9 m 2 each) without manipulation were selected as controls. The fish abundance, composition and spatial distribution on rock, on macroalgae, in the water column and on sand were recorded weekly by scuba diving over a period of 3 months, between 15 February 2007 and 13 June 2007 (4 months). Results indicate significantly higher abundances (mean = 225%) of fishes in the forested areas compared to the barren ground controls (mean = 3.71 fishes/9 m 2 and 1.14 fishes/9 m 2 , respectively). Scartichthys gigas/viridis, Chromis crusma, Cheilodactylus variegatus and Isacia conceptionis numerically dominated the fish assemblages of the experimental kelp patches. Each fish species revealed different distributions in the forested areas: Scartichthys gigas/viridis was more abundant on rocks and C. variegatus in the macroalgae, whereas C. crusma and I. conceptionis preferred the water column above the experimental kelp bed. During the experimental time, the kelp lost some blades and some plants became detached. The overall number of fishes correlated with the declining kelp abundance (r = 0.964, p < 0.05). The fish species showed different responses to these changes in the experimental areas: C. variegatus and I. conceptionis declined in abundance, whereas the abundance of Scartichthys gigas/ viridis remained constant.
Introduction
The giant kelp Macrocystis pyrifera (Linnaeus) C. Agardh 1820, (synonym Macrocystis integrifolia Bory) is a characterising macroalga of shallow hard-bottom habitats off northern Chile (Dayton 1985; Vásquez 1992; Steneck et al. 2002; Villegas et al. 2008; Stotz et al. 2016) . It forms vast kelp beds in the South Pacific from Paracas (Peru) to the Cape Horn Islands (Chile) and in the Northern Pacific along the west coast of the Baja California Peninsula (Mexico) up to Santa Cruz in Central California (USA) (Macaya and Zuccarello 2010) . M. pyrifera is an important marine resource due to its high productivity, provision of habitat for settlement and development as well as food and shelter for a diverse array of organisms, including a number of commercially, artesanal and recreationally important fish and invertebrate species (e.g. Nuñez and Vásquez 1987; Carr 1991; Vásquez 1992; Angel and Ojeda 2001; Stachowicz 2001; Vásquez et al. 2001; Vega et al. 2005; Pérez-Matus et al. 2007 Villegas et al. 2008; Godoy et al. 2010; Gelcich et al. 2010; Stotz et al. 2016; Teagle et al. 2017; Miller et al. 2018 ). Several studies have described species composition, distribution (Vargas and Sielfeld 1997; Berrios and Vargas 2000) and trophic relations (e.g. Vásquez 1993; Berrios and Vargas 2004; Medina et al. 2004; Pérez-Matus et al. 2012 ) of these fish assemblages, suggesting that the composition may depend on prey (Medina et al. 2004 ). However, most of the forest fishes are plastic in their feeding preference along the coastline (Pérez-Matus et al. 2012 ) and a recent study from a northern Chilean kelp bed indicates that the invertebrate community structure does not strongly differ between alternative habitats (Villegas et al. submitted) .
In coastal upwelling regions of the Northeast and Southeast Pacific, the regularly occurring extremes of the climate variability El Niño-Southern Oscillation (ENSO) result in alternative habitat states, i.e. dense kelp beds, kelp patches and deforested barren grounds (Tegner and Dayton 1987; Dayton and Tegner 1989; Foster and Schiel 1992; Vásquez 1992; Vega et al. 2005; Vásquez et al. 2006; Arntz et al. 2006; Graham et al. 2007; Villegas et al. 2008 ) due to variable physical factors (e.g. temperature and nutrient supply) (Buschmann et al. 2004; Pérez-Matus et al. 2007 ) and biological top-down effects, where shifts of grazers and carnivores control the kelp habitat structure (e.g. during the extreme cold phase of ENSO in 1999) Vega et al. 2005) . In addition, storms detached entire plants from the substratum in California, which became entangled with attached plants either ripping them free or causing extensive stipe loss (Tegner and Dayton 1987; Dayton and Tegner 1989) . A survey at Catalina Island in December 1984 also showed the complete loss of M. pyrifera at all depths (Foster and Schiel 1992) .
Furthermore, there are increasing anthropogenic threats on northern Chilean M. pyrifera habitats. While until the year 2000 the Chilean kelp fishery was mainly sustained by the collection of naturally stranded seaweed on the shore, nowadays, driven mainly by international demands for raw material, M. pyrifera is intensively harvested (SERNAPESCA 1998 (SERNAPESCA -2009 Vásquez et al. 2012; Vega et al. 2014; Westermeier et al. 2014a Westermeier et al. , 2016 . This kelp species is also needed as a feed input for the emerging abalone aquaculture industry (Buschmann et al. 2014) . The fragmentation of kelp forests results in habitat loss. While Krumhansl et al. (2017) found only minimal impacts of small-scale harvest on kelp recovery rates, survival, biomass dynamics and abundances of kelp-associated fish species at the central coast of British Columbia, they detected a negative impact of warmer seawater temperatures on kelp recovery rates following harvest. This indicates that the viability of harvest, even at small scales, may be threatened by future increases in global sea surface temperatures (Krumhansl et al. 2017) . These increases will affect kelp-associated fish assemblages and possibly cause shifts in the biogeographic distribution of species, resulting in novel interactions that have the potential to transform entire ecological communities (Vergés et al. 2016) . The effects of kelp harvest on the ecology of the northern Chilean sublittoral system have not yet been analysed (Pérez-Matus et al. 2017) . Any kelp bed reduction due to environmental changes and/or exploitation means (i) loss of refuge against predators which is particularly important for early life history stages (Carr 1994; Levin and Hay 1996; Carr and Reed 2015) , (ii) loss of protection against wave impact reported by for Lessonia nigrescens, (iii) destruction of habitat for several invertebrate and fish taxa (Cancino and Santelices 1981; Pérez-Matus et al. 2007) , (iv) a modification of vegetational strata (Santelices and Ojeda 1984) and (v) the elimination of a food resource for fishes (Medina et al. 2004; Ruz et al. 2018) .
The need to assess recolonisation capacities and the design of restoration strategies led to transplanting Laminariales to restore areas where kelp had disappeared (McPeak 1977; Rice et al. 1989; Hernández-Carmona et al. 2000; Westermeier et al. 2016) . Although time and labor intensive, foresting areas with juvenile and adult giant kelp or holdfast fragments rapidly provide fertile plants, which serve as a proximate source of propagules (McPeak 1977; Rice et al. 1989; Hernández-Carmona et al. 2000; Westermeier et al. 2016) . Even though M. pyrifera may naturally colonise former locations entirely, restoration can speed up this process (Hernández-Carmona et al. 2000; Correa et al. 2006; Westermeier et al. 2016) . The response of economically important rockfish species to forested areas has, however, not been reported yet.
Previous studies on temperate seaweed beds and their associated invertebrate fauna in other geographic regions indicate that these habitats are important for reef fishes as they provide structural complexity, refuge from predators and serve as a food source (e.g. Ebeling and Hixon 1991; Levin and Hay 1996; Parsons et al. 2016; O'Brien et al. 2018) . Implications of either the shifting or the elimination of temperate foundation kelp species for higher trophic levels were described by e.g. Terazono et al. (2012) , Cheminée et al. (2017) and O'Brien et al. (2018) .
The aim of the present study was to test the effect of kelp on the abundance, composition and spatial distribution of the rockfish community. Foresting experimental M. pyrifera beds and subsequent observation of the benthos and the rockfish community were performed to support conservation, restoration and management issues in the near future.
Materials and methods

Study site
The study was carried out at Chipana Bay (21°20′ S, 71°05′ W) located 135 km south of Iquique City, northern Chile (Fig. 1) . The North-South-oriented, 4-km-long bay has a north-westerly exposition. The Loa River discharges into the Coastal Pacific 10 km south of Chipana Bay. This influences the bay especially during El Niño (EN)-the warm phase of the ENSO-when run-off is significantly increased due to rainfall. Despite being a permanent coastal upwelling site with a constant oxygen minimum zone and high planktonic production (Fuenzalida 1992; Santander et al. 2017) , upwelling varies on a daily and weekly scale, modulating the composition of the phytoplankton community (Herrera and Escribano 2006; Aguilera et al. 2009 ). Chipana Bay has been described as a spawning site for small pelagic fish (Herrera and Escribano 2006; Palma et al. 2006) . The shallow waters of the bay are characterised by extensive kelp beds and a rich and diverse fish fauna due to its protection as a 'prioritary site for conservation of biodiversity' (Chilean Ministry of Environment) (Rovira 2008; CONAMA 2008; Villegas et al., submitted) . The sandy bay with shallow rocky areas provides substrate for a M. pyrifera kelp bed surrounded by barren ground. For details on habitat characteristics and the associated invertebrate community, see Villegas et al. (2008) .
Foresting barren ground with Macrocystis pyrifera
In order to analyse the responses of the fishes to structural modification of their habitat (i.e. addition of kelp), an in situ experiment was carried out on a barren ground near the natural M. pyrifera kelp bed (Fig. 1) . From the latter, boulders (diameter 30-60 cm) naturally colonised by M. pyrifera that extended to the water surface were collected by scientific scuba divers. The plants were transported in a tub, fixed 5 m underneath a fishing boat, to three replicated experimental plots (3 m × 3 m each). The final kelp abundance of 28 plants/ 9 m 2 resembled that of the kelp bed. Experimental plots were located at the same water depth in a nearby (distance 20 m) area with similar boulders not colonised by M. pyrifera, but only by scattered algae, rising less than 40 cm above the substratum and covering, on average, less than a quarter of the plot area (i.e. Asparagopsis armata, Gelidium chilense, Glossophora kunthii, Halopteris hordacea, Rhodymenia cf. corallina, Ulva rigida and an unidentified Chlorophyta). Three unmanipulated square plots without kelp, but with the same macroalgae recorded in the treated plots, were marked in the area as control plots (Fig. 1 ). Due to a storm event, some M. pyrifera of the treatment were detached in the middle of the experiment and replaced between the second and third sampling. Thereafter, no restocking took place. Fish abundance, composition and spatial distribution as well as abundance and composition of the benthos were recorded weekly by scientific scuba divers between 15 February 2007 and 11 April 2007, always choosing days with calm sea conditions. Within sampling units, one scuba diver counted all sporophytes present, while a second diver (always the same) recorded all fish species following modified procedures developed by Sale and Douglas (1981) . The diver approached the marked plot and, at a distance of 4 m, slowly unidirectionally circled the sampling unit while marking the spatial distribution of fishes on a check list for 5 min. The diver then moved closer to the unit to record demersal species and searched the algae themselves. Because of difficult field identification of the giant blenny (Scartichthys gigas (Steindachner, 1876)) and the green blenny (Scartichthys viridis (Valenciennes, 1836)) due to their colour phases, sexual dimorphism and similar looking young stages, they were recorded as Scartichthys gigas/viridis. The diver swam calmly along the sampling unit, while observing from the ground up to the water surface, which, in the case of the experimental plots, included the canopy level. The spatial distribution of the fish species was categorised according to Nuñez and Vásquez (1987) in (1) rock (fishes associated directly with rock substratum feeding and/or settling on it), (2) macroalgae (fishes associated directly feeding and/or settling on macroalgae) and (3) water column (fishes above rock or macroalgae) (the fourth category 'sand' did not exist at the study site). The permanence of the recorded fish species was classified according to Vargas and Sielfeld (1997) as 'resident species', which are present throughout the year; 'seasonal visitors', which are present seasonally; and 'occasional species', which show no seasonal pattern of occurrence but cannot be found throughout the year.
During the dive surveys, benthic biota was systematically assessed. Within each experimental and control unit, one scientific scuba diver, trained in identifying the local benthic biota, put hazardly three times (three replicates) a square of 1 m side length. The diver recorded (i) the percentage cover of the respective macroalgal species and (ii) the number of macrobenthic invertebrates (> 1 cm) enframed. Individual 
Statistical analysis
Univariate biodiversity indices, such as species richness (Margalef) (d = (S − 1) / Log (N)), Shannon-Wiener Index (H′, Log e) and Pielou's evenness (J′), were calculated using the software package PRIMER v6 (Clarke and Gorley 2006) and used to assess the fish assemblages of the experimental and control plots.
Multivariate statistic was applied to perform community analyses using abundance data of the treatment and control plots (obtained from the dive surveys), again using the software package PRIMER v6 with its PERMANOVA+ add-on (Clarke and Gorley 2006; Anderson et al. 2008) . A similarity matrix was calculated by means of Euclidean distances of the fish abundance data. This similarity matrix was used in a PERMANOVA to pairwise compare fish assemblages of the forested versus the control plots. The Monte Carlo option of the PERMANOVA routine was used to ensure 9999 permutations. As a significant relation between the fish assemblages of the two factors was detected, pairwise tests were performed to examine differences between plots.
Abundance values of fish, algae and invertebrate species were square root transformed to reduce the effect of high variation among taxa. These transformed values were used in a two-way SIMPER test (Clarke and Warwick 1994) to establish the percent dissimilarity across plots and to find out which species were the primary contributors to these differences. Mean abundance values of fish in relation to their spatial distribution, algae and invertebrates were arranged in three matrices. Again, data were square root transformed to reduce the effect of high variation among taxa. Between-stations similarities were calculated using the Bray-Curtis Index (Bray and Curtis 1957) and group average linkage. The resemblance pattern in the similarity matrices was visualised using 2-D non-metric multi-dimensional scaling (nmMDS) plots. The stations were grouped based on a cluster and SIMPROF analysis (Clarke and Gorley 2006) . To check for interactions, RELATE tests (Clarke and Warwick 1994) were performed to examine correlations between the fish and (a) the invertebrate, (b) the algae (excluding the forested M. pyrifera) and (c) the combined benthic community (invertebrates + algae excluding the forested M. pyrifera) similarity matrices based on the abundance data. In case a significant correlation was evident, BEST tests (Clarke and Gorley 2006) were performed to correlate two similarity matrices. In this case, one matrix is considered as the 'explained' or dependent matrix and the other as the 'explanatory' or independent matrix. The BEST procedure examines the variables (taxa) from the explanatory matrix (here invertebrate, algae [excluding the forested M. pyrifera] or combined benthic community [invertebrates + algae excluding the forested M. pyrifera]) one at a time, then pairs of variables, triplets and so on . Thereafter, BEST identifies the variables that 'best explain' the pattern of the explained matrix.
Results
Fish species abundance, fish community composition and diversity A total of six fish species (Perciformes, Actinopterygii) from six families was present during the study period, with five species (the herbivorous Scartichthys gigas/viridis and the carnivorous Chromis crusma, Cheilodactylus variegatus, Halichoeres dispilus and Helcogrammoides chilensis) occurring at the control plots (mean species number per plot, 0.7 ± 0.7; range, 0-3) and all six (including the omnivorous Isacia conceptionis) at the forested plots (mean species number per plot = 1.8 ± 1.2, range = 0-4) (data available at Villegas et al. 2018a) .
The resident fish species Scartichthys gigas/viridis, Chromis crusma, Cheilodactylus variegatus and Isacia conceptionis numerically dominated the fish assemblages of the experimental kelp patches (Fig. 2) , Halichoeres dispilus, and Helcogrammoides chilensis only occurred occasionally.
Fishes were significantly more abundant at the forested plots (mean = 3.71 ind./9 m 2 ) compared to the controls without kelp (mean = 0.86 ind./9 m 2 ) (Mann-Whitney U test, Z = 3.82, p = 0.0002; Fig. 2 ). The PERMANOVA main test also indicates that there are significant differences in the fish communities among the forested and control plots (P(perm) = 0.0001; P(MC) = 0.0004). At an Euclidean distance of 2, the cluster analyses identified one mixed group with 28 samples from control and experimental plots, while the remaining 14 were distributed in homogeneous groups with samples from just (Fig. 3) . Fish species richness and diversity were higher in forested plots (mean d = 0.73, H′ = 0.47, J′ = 0.92) compared to control plots (d = 0.36, H′ = 0.05).
The algal inventory and coverage did not significantly differ between the treatments and controls. Algae (excluding the transplanted M. pyrifera specimens) covered 21.33% ± 15.02% of the experimental and 18.14% ± 14.27% of the control plots. The following algal species were recorded: Asparagopsis armata (coverage: experimental 0.57% ± 1.03%, control 0.86% ± 1.85%), Gelidium chilense (coverage: experimental 13.57% ± 13.28%, control 9.33% ± 11.52%), Glossophora kunthii (coverage: experimental 0.05% ± 0.22%, control 0.48% ± 1.29%), Halopteris hordacea (coverage: experimental 1.57% ± 2.13%, control 1.67% ± 2.31%), Rhodymenia cf. corallina (coverage: experimental 0.14% ± 0.48%, control 0.05% ± 0.22%), Ulva rigida (coverage: experimental 2.62% ± 2.71%, control 1.57% ± 1.57%) and an unidentified Chlorophyta (coverage: experimental 2.76% ± 3.56%, control 4.05% ± 6.09%) (data available at Villegas et al. 2018b) .
Echinoderms (Heliaster helianthus, Luidia magellanica, Stichaster striatus, Holothuroidea, Loxechinus albus) comprised 33%, crustaceans (Cancer edwardsii, Cancer setosus, Pagurus edwardsii, Taliepus dentatus) 27%, gastropods (Crassilabrum crassilabrum, Fissurella latimarginata, Tegula tridentata) 20%, anthozoans (Anemonia alicemartinae, Anthothoe chilensis) 13% and ascidians (Pyura chilensis) 7% of the 14 known species and additional one family not further identified. Concerning the number of individuals, ascidians made up 48% of the specimens, anthozoans 36%, echinoderms 14% and crustaceans and gastropods 1% each (data available at Villegas et al. 2018c) .
As neither the algal community (excluding the transplanted M. pyrifera specimens) nor the invertebrate community was significantly different between the forested and the control plots, the only contrast was the significant difference in the forested M. pyrifera (RELATE test Spearman rank correlation: ρ = 0.102; p = 0.012).
Microhabitats used by fishes
Spatial distribution of fish abundances differed significantly between experimental and control plots (Mann-Whitney U test: rock Z = 3.69, p = 0.0003; water column Z = 2.23, p = 0.049; macroalgae Z = 2.67, p = 0.06; Fig. 4 ). Fishes were more abundant within experimental kelp patches than at the control plot without kelp (3.71 fish/9 m 2 versus 1.14 fish/9 m 2 , respectively), and fish abundance on rocks of the kelp patches was higher than the abundance on plots with rocks without kelp (2.19 fish/9 m 2 and 0.62 fish/9 m 2 , respectively) (Fig. 4) . Similarly, S. gigas/viridis showed significantly higher abundance on rocks of the forested plots in comparison to rocks of the control plots (Mann-Whitney U test: p = 0.0008). The relative importance of the rocky habitat with macroalgae was slightly higher than the importance of rocky habitats on grounds without kelp (59% and 54%, respectively), but the importance of the water column as habitat was inverse (27% to 46%, respectively) (Fig. 4) .
The nmMDS revealed different distributions of the fish species in the forested areas: S. gigas/viridis was more abundant on rocks (Fig. 5a ) and C. variegatus in macroalgae (Fig. 5b) . C. crusma and I. conceptionis preferred the water column (Fig. 5c, d) .
The entire algal community (not including the transplanted M. pyrifera) correlates significantly with the fish community (RELATE test Spearman rank correlation: ρ = 0.444; p = 0.006). The algal species that best explain the fish variation are Gelidium chilense and Ulva rigida (Spearman rank correlation: ρ = 0.567; p = 0.009).
During the experiment, kelp patches were exposed to constant natural swell and wave action. Some blades were lost and 
Fish and associated biota
The invertebrate community (data available at Villegas et al. 2018c) correlates significantly with the fish community (RELATE test Spearman rank correlation: ρ = 0.519; p = 0.003). The invertebrates that best explain the fish variation are the actinians A. alicemartinae and A. chilensis, the asteroid H. helianthus, the sea urchin L. albus and the hermit crab P. edwardsii (Spearman rank correlation: ρ = 0.581; p = 0.003).
The entire benthic community (invertebrates and algae) also correlates significantly with the fish community. Species that best explain the fish variation are the algae Glossophora kunthii and Ulva rigida, the actinians Anemonia alicemartinae and Anthothoe chilensis, the asteroid Heliaster helianthus and the hermit crab Pagurus edwardsii (Spearman rank correlation: ρ = 0.658; p = 0.002). No significant results were found when correlating either invertebrate species or algal species with the fish community (all p values were > 0.09).
Discussion
Fish community composition and diversity related to forested versus control plots
In temperate regions, reef fishes are frequently associated with macroalgae (e.g. Holbrook et al. 1990; Levin and Hay 1996; Pérez-Matus et al. 2007 Sielfeld et al. 2010; Miller et al. 2018; Witman and Lamb 2018 Holbrook et al. 1990; Schmitt and Holbrook 1990; Carr 1991 Carr , 1994 Levin 1991 Levin , 1993 Levin , 1994 Anderson 1994; Anderson and Millar 2004; Trebilco et al. 2015; Witman and Lamb 2018) . The present in situ experiment carried out in the wave-swept rocky subtidal zone of northern Chile showed that several parameters of the fish assemblage significantly increased (fish abundance increased more than fourfold, species richness doubled and fish diversity increased by factor 9.4), when areas formerly lacking kelp were forested with M. pyrifera. Similar abundance of fish species was observed in a neighbouring M. pyrifera kelp bed at Caleta Chipana between 2005 and 2007 (Villegas et al. 2018d, e, f) . However, the kelp bed shelters eight species of which five (Chromis crusma, Cheilodactylus variegatus, Isacia conceptionis, Scartichthys gigas/viridis and Halichoeres dispilus) of the six species recorded during this study were also included in the eight species observed in the neighbouring M. pyrifera kelp bed. Helcogrammoides chilensis, which was recorded in the forested plots, occurred on ground without kelp in the former study (Villegas et al. 2018d, e, f) . This is in agreement with the data of Pérez-Matus et al. (2016), who showed that the related triplefin blenny Helcogrammoides cunninghami avoids kelp beds and prefers filamentous understory algae, where the predation rate is halved. In line, cryptobenthic Mediterranean Blenniidae are more abundant in 'bushland' algae versus arborescent forests (Cheminée et al. 2017) .
Scarce species e.g. Aplodactylus punctatus (one record, 1200 m ), Nexilosus latifrons (eight records, 1200 m −2 ) and Paralabrax humeralis (nine records, 1200 m −2 ) were not observed in the forested plots. This may, however, be a matter of sample effort as the present study only covered 15.8% of the total sampling area of the former study (Villegas et al. 2018d, e, f) . Temporal or seasonal variability may also partly explain the differences, as Aplodactylus punctatus and Girella laevifrons were only recorded in December 2005 during the former study (Villegas et al. 2018d, e, f) . Furthermore, Ruz et al. (2018) revealed strong interactions of the former fish with the kelp Lessonia trabeculata, which also forms beds at the present study site (Villegas et al. 2008) . Indeed, the diet of adult Aplodactylus punctatus is composed of 75% L. trabeculata and 10% other algae (i.e. Gelidium chilense, Ulva rigida and corallines) (Benavides et al. 1994; Pérez-Matus et al. 2012) , which may explain its rarity in the M. pyrifera kelp bed. Chromis crusma, Cheilodactylus variegatus and Isacia conceptionis were also common at two neighbouring M. pyrifera kelp beds at Caleta San Marcos (21°32′ S, 70°1 0′ W; Godoy 2000) and Rio Seco (21°00′ S, 70°10′ W; Pérez-Matus et al. 2007 . In the former Blennioidei, probably Scartichthys gigas/viridis were also recorded (Godoy 2000) . They are common in kelp beds (Angel and Ojeda 2001; Pérez-Matus et al. 2007 and rocky intertidal environments (Varas and Ojeda 1990; Muñoz and Ojeda 2000) .
Invertebrate community composition
The invertebrate epifauna recorded during the dive surveys (15 taxa) resembled that recorded by Villegas et al. (2008) from the neighbouring M. pyrifera kelp bed off Chipana. In the present study, the crab Metacarcinus edwardsii, the hermit crab Pagurus edwardsii and an unidentified holothurian were also found in the forested and the sea star Luidia magellanica on the non-kelp plots. The gastropod Concholepas concholepas, the brachyuran crabs Cancer coronatus and Paraxanthus barbiger and the black sea urchin Tetrapygus niger occurred on plots without kelp of the former study, but were absent in this study. This macrobenthos is also associated with holdfasts elsewhere in Chile (Godoy 2000; Vásquez et al. 2001) and is characteristic of rocky substrates within northern and central Chilean M. integrifolia and L. trabeculata kelp beds (Vásquez 1993; Stotz et al. 2003; Graham et al. 2007 ).
Microhabitats used by fish
Different responses of the reef fish species to the forested kelp were observed. These differences may reflect specific fish species interactions with M. pyrifera, considering shelter and habitat for prey. The spatial distribution of fish between experimental and control plots was significantly different.
Abundances of the demersal fish Scartichthys gigas/ viridis were significantly higher (more than threefold) on rocks of the forested plots compared to rocks of the plots without kelp. Scartichthys viridis consumes almost exclusively macroalgae. The sheet-like green macroalgae Ulva rigida and Ulva linza were the main items consumed by young individuals at the central Chilean coast, and the tough branching red macroalga Gelidium chilense increased in importance during ontogeny (Muñoz and Ojeda 2000) . Ulva rigida (55 versus 32 records) and the numerically most abundant Gelidium chilense (285 versus 195 records) were more abundant in the forested compared to the control plots, which may explain the increased abundance of Blennioidei in the forested plots. Ephemeral algae such as Ulva spp. together with Asparagopsis armata are common in the kelp understorey (Pérez-Matus et al. 2007 ) and were also recorded in the present area (Pinto 1989; Romero 2003) . The present RELATE analyses revealed a significant correlation between the algal and fish communities. Indeed, Gelidium chilense and Ulva rigida are the two algae that best explain the fish variation in Chipana.
The morwong, Cheilodactylus variegatus, was recorded on rocks and between the M. pyrifera stipes of the forested plots but was absent on rocks of the control plots. It was also present in the forested plots. The former study revealed that Cheilodactylus variegatus preys on decapod crustaceans and molluscs. Metacarcinus edwardsii was exclusively recorded in the forested plots, and Cancer setosus was numerically more frequent at these plots. This also holds true for the keyhole limpet Fissurella latimarginata.
The reason why the invertebrate community correlates significantly with the fish community is presumably the cooccurrence in the preferred habitat. Three of the carnivorous benthic invertebrates (i.e. Anemonia alicemartinae and Anthothoe chilensis, Pagurus sp.) that best explain the fish variation share food resources with fish species (Vásquez 1993; for Anemonia alicemartinae, Häussermann and Försterra 2001) and are more abundant in the forested plots.
The red sea urchin Loxechinus albus was significantly more abundant on non-kelp plots compared to the transplanted M. pyrifera patches as also found by Villegas et al. (2008) . never found Loxechinus albus inside the holdfasts of M. pyrifera. Although over-grazing of kelp forests by sea urchins may lead to a considerable loss of biogenic habitat, in extreme cases causing shifts from structurally complex habitat to 'barrens' (e.g. Filbee-Dexter and Scheibling 2014; Perreault et al. 2014; Ling et al. 2015) , it is unlikely that Loxechinus albus controls the M. pyrifera distribution off northern Chile. Castilla and Moreno (1982) showed that this species mainly consumes drifting fronds and has no significant effect on recruitment or survival of juvenile M. pyrifera. Furthermore, Santelices and Ojeda (1984) showed that the canopy is more likely to determine M. pyrifera recruitment than the presence of grazers. Thus, the correlation between the present fish community and Loxechinus albus may simply reflect the habitat differences between the forested plots and the plots without kelp and may not be caused by the presence of Loxechinus albus. The latter is more abundant in barrens, as shown by Villegas et al. (2008) .
Structural complexity
As neither the algal community (excluding the transplanted M. pyrifera specimens) nor the invertebrate community significantly changed between the forested and the control plots (yet) during the 8-week study period, but the algal community (without the transplants) correlates significantly with the fish community, the observed significant changes in fish abundance between the experimental and control plots may also be allocated to the increased structural complexity provided by the forested M. pyrifera (e.g. Trebilco et al. 2015) . The morphological features of transplanted M. pyrifera are habitat specific as demonstrated by Brostoff (1988) and Druehl and Kemp (1982) ; thus, changes in respect to the structure within the neighbouring kelp beds are unlikely.
Effects of the transplanted kelp are particularly obvious for C. crusma (19 sightings in the forested versus 4 sightings in the control plots), C. variegatus (11 sightings in the forested versus 1 sighting in the control plots), S. gigas/viridis (40 sightings in the forested versus 12 sightings in the control plots) and I. conceptionis (6 sightings in the forested versus no sighting in the control plots). The transplanted kelp also has far-reaching effects on the surroundings, which is reflected in the observation that there was a fourfold increase in the number of fish using the interspace free water between the kelp plants in comparison with the water column of the control plots.
Two explanations are suggested for the increased fish abundance of the forested plots. The large arborescent form of M. pyrifera extends from the seafloor to the water surface, where it develops floating canopies. Thus, fishes passing by in any water depth may be attracted by the structure and stay in the area (Levin and Hay 1996) . Some specimens of I. conceptionis even followed the M. pyrifera plants while being transported from the kelp bed to the experimental plot (Laudien et al. 2018) . The different storeys (holdfast, stipes, canopy) also provide different microhabitats, which may be used by fishes with different ecological niches (Vanella et al. 2007 ); e.g. S. gigas/viridis prefers the holdfast storey and C. variegatus the holdfast and stipes, while C. crusma and I. conceptionis favour the free water. Elsewhere in temperate waters of the Northern Hemisphere, the changed abundance and structure of different macroalgal species also showed significant effects on fish abundance and richness (Levin and Hay 1996; Anderson and Millar 2004; Cheminée et al. 2017) .
The declining M. pyrifera abundance significantly affected the fish abundance. However, the relation between kelp abundance and fish abundance differed among species. While the abundance of C. variegatus and I. conceptionis decreased with declining M. pyrifera abundance, the response of S. gigas/ viridis differed and remained equally abundant, even when only seven of the originally 28 transferred plants were left in the forested plots. This suggests that above a threshold abundance of M. pyrifera, an increase in kelp abundance does not affect the abundance of the giant blenny. The abundance of the turf algae may not have reflected the reduced kelp abundance. Similarly, distinct fish species showed different thresholds for macroalgal abundances in the South Atlantic Bight (Levin and Hay 1996) . Additionally, this demersal fish may depend on the understorey rather than on the kelp itself, which may not decrease in equal proportions as the abundance of M. pyrifera.
Juvenile specimens of Chromis crusma and Cheilodactylus variegatus were observed in forested plots, while the control plots were exclusively used by adults of these two species. Several studies indicate that different size classes of reef fishes respond distinctively to modified kelp habitats. Generally, small fishes, which are dependent on the algal-generated structural complexity, occur in kelp beds, whereas larger fishes that are becoming increasingly independent of this structure may commonly be found over urchin barrens (Choat and Ayling 1987; Holbrook et al. 1990; Levin 1993) . Two strategies were observed, either selective settlement in habitats with high structural complexity (Jones 1984b; Levin 1993) or random settlement followed by strong predation pressure in less complex habitats (Connell and Jones 1991) . Thus, predation may restrict new recruits and juvenile fish to kelp beds, where structural complexity is high. This may determine the subsequent adult standing stock (e.g. Doherty and Fowler 1994) . The extension of M. pyrifera kelp beds may represent the ecosystem capacity for adult reef fish populations.
Harvesting and foresting
Harvesting Vega et al. 2014; Westermeier et al. 2016 ) and/or natural impacts, such as EN Vásquez et al. 2006; Graham et al. 2007; Villegas et al. 2008) , may require the need to design restoration strategies for M. pyrifera kelp beds although M. pyrifera may naturally colonise former locations entirely. However, natural propagation may be a long process due to the diplohaplontic, heteromorphic life cycle of this kelp species. As typical of Laminariales, its motile, flagellated zoospores are released into the water. The zoospores are viable for a few hours and are, therefore, only capable of short distance dispersal before settlement to suitable substrate (but see Macaya et al. 2005 and Ruz et al. 2018 for a different species of the Laminariales). Restoration can speed up this process (Hernández-Carmona et al. 2000; Correa et al. 2006; Westermeier et al. 2016 ) although the present study indicates that the appropriate method should be selected.
Grounds without kelp were forested by transferring M. pyrifera-colonising boulders, which were collected from the center of a neighbouring M. pyrifera kelp bed. This was only semi successful as several of the transplanted plants did not withstand the surge during storm events and detached. In general, beds of giant kelp reduce water current velocity (Stachowicz 2001) and thus facilitate congeneric and many other species less tolerant of disturbing current conditions. In Laminariales, such as M. pyrifera, holdfast structures (i.e. intertwined haptera, which form a complex of fine branches) vary markedly between plants subjected to different environmental conditions (Sjøtun and Fredriksen 1995) . Particularly, in response to gradients in wave exposure or current flow, the biomass and internal volume of holdfasts may more than double along a wave exposure gradient (Teagle et al. 2017) . Other successful studies conducted elsewhere were also based on the transfer of seaweed-covered rocks or rock fragments (e.g. Ho 1984; Buschmann et al. 1997; Blanchette et al. 2002; Marsden et al. 2003) , thereafter gluing them to the substratum or by fixing kelp to the rock (Correa et al. 2006; Westermeier et al. 2014b) . Future studies should transfer seaweeds grown under more exposed conditions with stronger holdfasts developed as a result of adaptation to the current regime. Alternatively, mature sporophylls, juvenile plants or holdfast fragments may be transferred (Westermeier et al. 2014b (Westermeier et al. , 2016 , so that plants may adapt while growing and drag is increasing or plants may be fixed by using a plastic net device anchored with stainless steel bolts to the rock (Correa et al. 2006 ). This will yield adults adapted to the local current conditions, which may rapidly induce fertile plants as a close-by source of propagules (Rice et al. 1989; Hernández-Carmona et al. 2000; Westermeier et al. 2016) .
Further experiments should examine habitat effects of different kelp species, morphotypes, and artificial structures (e.g. Carr and Reed 2015) to reveal the basic knowledge for management advice during harvest programs of kelp, and after kelp mass mortalities associated with EN.
